TABLES
Streamflow was below normal during the study period. Basin waters types were calcium bicarbonate or calcium magnesium bicarbonate. Specific conductance ranged from 405 to 1,300 micromhos per centimeter. High concentrations of sodium (110-140 milligrams per liter) , nitrogen (24 milligrams per liter as N), and phosphorus (7.8 milligrams per liter as P) were observed during low flows downstream from domestic sewage facilities. Nonpoint sources contributed high concentrations of nitrate-nitrogen to all streams during the high flows of winter and spring.
Dissolved-oxygen concentrations in the upper basin ranged from 3.2 to 18.4 milligrams per liter. Mean saturation values of dissolved oxygen were at or near 100 percent in the lower basin. Stream pH exceeded 8.4 when dissolved-oxygen saturation was above 120 percent. Bacteria and invertebrate data suggest that moderate pollution from cultural sources may exist in the upper basin.
Water quality was poorest in the sluggish flows of the upper basin but improved downstream.
Increases in flow velocity and stream aeration rates, dilution, and biological activity contributed to the downstream recovery. Except for' high nitrogen concentrations, water quality was best in the lower basin. artificial drainage for efficient agricultural production, and many of the main channels have been modified by individual or groups of landowners. Small channels have been replaced with drains, which are generally old and in need of repair. Channel enlargement is currently underway on an 8-mile reach of Grassy Branch. Approximately 30 miles of Rattlesnake Creek is under petition for modification through current Ohio drainage laws. Modifications may include channel clearing and snag removal, channel enlargement, construction of new open channels, accelerated conservation land treatment, and flood protection (U.S. Department of Agriculture, Soil Conservation Service, 1975) .
HYDROLOGY Site_DescriRtions
Flow velocity at sites 1, 2, 3, 4, and 6, ( fig. 1 ) in the upper parts of the watershed was generally sluggish and water-depth was shallow.
Channel vegetation was abundant during the growing season. Bottom material consisted mainly of fine sand, silt, and organic debris.
Flow velocity was much greater at sites 5, 7, and 8. Stream channels were more "V" shaped, and bed materials were mainly sand, gravel, and large rocks. The channel had been widened at site 8, causing the stream depth to be very shallow.
Hydrologic Data
Discharge measurements were made at the time water samples were collected. In addition, the U.S. Geological Survey maintains a stream discharge gage on Rattlesnake Creek at Centerfield, Ohio (site 5). The gage was established in October 1971 and has provided continuous daily discharge records from that time to the present.
The hydrograph of site 5 for the study period is shown in fig. 2 . A flow duration curve ( fig. 3 ) and mean monthly discharges ( fig. 4) were derived from station records. Because of the short period of record at the Rattlesnake Creek gage, the 7-'day 10-year low flow of 0.1 ft3/s was determined by correlating records from Rattlesnake Creek and monthly mean discharge for Rattlesnake Creek at Centerfield, Ohio (site 5).
(1972-77) with those from Paint Creek near Greenfield (1928-77) . The 7-day 10-year low flow values at all other sites would be 0.
October 1976 through February 1977 was one of the coldest and driest periods on record.
Extremely low temperatures caused heavy ice conditions. In many places the stream was frozen down to the bed, and sampling was impossible.
Precipitation, which averages about 40 inches per year, was below normal during 10 of the 13 months and was almost 6 inches below normal for the entire period. Monthly precipitation data for Washington Court House and Hillsboro, Ohio are included in figure 2.
WATER QUALITY Major Constituents
The major constituents in natural waters are derived mainly from the action of water containing atmospheric and (or) biologically produced CO2 (carbon dioxide) on minerals and rocks (Hem, 1970) . As such, chemical distributions in streams generally reflect the mineralogy of the soil and rock types in the drainage basins.
Exceptions would be those streams having significant cultural inputs such as calcium or sodium chloride salts used for snow and ice control, fertilizers and pesticides, and industrial and domestic wastes.
The most common major constituents in natural waters are: the cations, Ca (calcium) , Mg (magnesium) , Na (sodium) , and K (potassium) ; and the anions, HCO (bicarbonate) , CO3 (carbonate) , SOS"(sulfate), and Cl 3 (chloride).
Comparisons of these ions are based on their respective concentrations in me/L (milliequivalents per liter).
Analytical data from this study are shown in tables 1-11. Data taken prior to August 1976 at site 5 are listed in the U.S. Geological Survey's Water Resources Data for Ohio . The cation, K, was considered to be present at low concentrations and was not determined. The anion, Cl, was also not analyzed, but it can be estimated by assuming that Cl, in me/L, would account for most of the difference between the cation total and anion total.
Analysis of data in tables 1-8 indicates that the high flows (greater than 120 ft3/s at site 5) of February, March, and May and the low flows (less than 20 ft3/s at site 5) of fall 1976 and summer 1977 in the Rattlesnake Creek basin were mostly of calcium-bicarbonate or calcium-magnesiumbicarbonate type. Low flow data analysis also shows that Na concentrations increased significantly between sites 1 and 2. Similar increases in Na characterized the tributary data at sites 3 and 6 in the upper part of the Rattlesnake Creek basin. Sewage entering the stream above site 3, and between sites 1 and 2, probably contributed to the high Na concentrations during low flows. The me/L ratios of the major constituents at sites 7 and 8, in the lower basin tributaries, varied little with changes in flow.
Specific conductance in the basin ranged from 405 pmhos/cm (micromhos per centimeter at 25° Celsius) during high flow to 1,300 pmhos/cm during low flow. The average ratio of dissolved solids to specific conductance is 0.62. Specific conductance and dissolved solids correlated poorly with stream discharge, but they were generally greatest in the upper basin (sites 1-4, and 6) during low flow and least during high flows. Values in the lower basin (sites 5, 7, and 8) seemed to be independent of flow. Although the data suggest a general downstream dilution of the major constituents, total loads tended to increase due to the increase in water discharge.
Nutrients
Nutrients in a stream environment are part of a dynamic and complex system. Land use, stream morphology, flow characteristics, season, and stream biology affect both the form and concentration of nutrients (Hynes, 1970; Odum, 1971) .
Nutrient requirements of aquatic flora will vary with species and time (Likens, 1972; Britton and others, 1975) . Sawyer (1947) indicated that nuisance algal conditions can occur in lakes when inorganic nitrogen (NH 3 +NO2 +NO 3 ) and phosphorus levels exceed 0.3 and 0.01 mg/L, respectively.
Nitrogen and phosphorus concentrations in Rattlesnake Creek are shown in tables 1, 2, 4, 5.
Large increases in nitrogen (especially NH 3 ) and phorphorus occurred between sites 1 and 2 during low flows. These increases are likely due to stream augmentation from sewage wastes and (or) agricultural sources. Stream recovery processes such as, aeration, dilution, and biological uptake, occurring below site 2 probably accounted for the downstream decreases in nitrogen and phosphorus concentrations at sites 4 and 5. The high concentrations of nitrate plus nitrite during the high flows in winter and early spring likely resulted from nonpoint source contributions (such as agriculture).
Nutrient data for the tributaries to Rattlesnake Creek are shown in tables 3, 6-8. The highest concentrations of total nitrogen (24 mg/L at site 3) and phosphorus (7.8 mg/L at site 6) were recorded in the west Branch Rattlesnake Creek basin in November. In contrast, nitrogen and phosphorus concentrations were low at Lees Creek (site 7) and Harden Creek (site 8). The latter two streams, especially Hardin Creek, seemed to have the lowest nutrients of the waters sampled in the Rattlesnake Creek basin.
Dissolved Oxygen and 2H
Dissolved oxygen and pH are useful indirect measures of a stream's metabolism rates.
Dissolved oxygen is produced during photosynthesis and consumed during respiration. Increases in pH can result from the uptake of CO2 and conversion of HCO 3 to CO 3 during photosynthesis, and decreases in pH occur when CO2 , produced from respiration, accumulates in the water. Diurnal (diel) cycles, sometimes having large day-night shifts in dissolved oxygen and pH, are common in many biologically active streams. Sampling results, therefore, are time-related and interpretation of randomly collected samples may be difficult and can be misleading.
Dissolved-oxygen data indicate a generally undersaturated system in the upper reach of Rattlesnake Creek and recovery downstream between sites 4 and 5. The sharp decrease in dissolved-oxygen concentrations between sites 1 and 2 during low flow likely resulted from local inputs having low dissolved-oxygen concentrations and (or) significant oxygen demands.
Gradual stream reaeration downstream from site 2 is indicated, and dissolved-oxygen saturation values were near 100 percent at site 5.
Dissolved-oxygen saturations generally were less than 100 percent for both low and high flows at site 3 in Wilson Creek.
These oxygen deficits may have resulted from inputs similar to those above site 2.
The high dissolved-oxygen saturations (up to 250 percent at 18.4 mg/L concentration) and correspondingly high pH (as high as 9.3) at site 6 indicate that high photosynthetic rates were characteristic of that reach of West Branch Rattlesnake Creek.
Dissolvedoxygen values in the lower basin tributaries at sites 7 and 8 were at or near 100 percent saturation for all flow ranges.
The pH values for Rattlesnake Creek basin ranged from 7.4 at site 4 to 9.3 at site 6.
Changes in pH coincided closely with changeS in dissolved-oxygen saturation and reflect the uptake and release of CO2 by the stream biota. Sample pH exceeded 8.4, with corresponding increases in CO3, only when dissolved oxygen was 120 percent saturation or greater.
This relationship is particularly evident at site 6. The comparatively low pH at site 3, and the decrease in pH between sites 1 and 2, followed by a gradual increase in pH downstream, correlates well with changes in other data (major constituents, nutrients, dissolved oxygen).
Iron
Concentrations of total iron (tables 1-8) ranged from 20 pg/L (micrograms per liter) at several sites to 6,700 pg/L at site 7 on May 2, 1977. Previous data from site 5 (U.S. Geological Survey, 1972-76) indicate that dissolved iron concentrations were less than 50 Ag/L and independent of flow. Statistical analyses of total iron versus discharge, specific conductance, turbidity, and nonfiltrable residue (correlation coefficients of 0.28, 0.23, 0.71, and 0.67, respectively) suggest that total iron is associated with suspended matter in the water.
Pesticides and Heavy Metals
Results of pesticide residue analysis of streambed samples taken at sites 1, 3, and 4 in August 1976, are shown in table 9.
The data show a downstream increase in the concentration of several pesticides residues, especially chlordane (3 to 12 ,ug/kg, sites 1 and 4) and dieldrin (0 to 1.6 Ag/kg, sites 1 and 4). Residues of chlordane, DDD, DDE, and dieldrin were also detected in Wilson Creek at site 3. All these compounds have a potential for accumulation in the biological flood chain.
Source interpretation of these compounds is difficult because only three samples were taken.
A single streambed sample for heavy metals examination was taken at site 4, in August 1976. The data are included in table 9 and show that concentrations of zinc, nickel lead, and chromium were present in the stream sediments.
Stream Biology
Coliform and streptococci bacteria are natural inhabitants of the intestinal tracts of warm-blooded animals. The presence of large numbers of these bacteria in water suggests the potential presence of pathogenic organisms (Federal Water Quality Administration, 1971 ).
The ratio of fecal coliform to fecal streptococci (FC/FS) is sometimes used as an aid in interpreting the source of contamination. A ratio greater than 4.0 strongly suggests human waste; a ratio less than 1.0 indicates a predominately livestock and (or) poultry source (Federal Water Quality Administration, 1971) . Interpretation of these ratios becomes difficult, however, as distance from input source and (or) time of exposure increase.
Bacteria counts (tables 1, 3, 4) were higher at sites 1 and 3 than at site 4. Fecal conform counts ranged from 76 to 11,000 col/100 mL (colonies per 100 milliliters) at site 1 and 80 to 8,800 col/100 mL at site 3, to 4 to 1,200 col/10 0 mL at site 4.
Fecal conform counts at site 4 exceeded 1,000 col/1 00 mL only during the high runoff conditions in February, 1977 . The means of the FC/FS ratio for sites 1, 3, and 4 were 2.1, 1.1, and 0.8, respectively, which suggest a mixed human and livestock source.
The biological assemblage that inhabits a stream section tends to integrate the water-quality characteristics of that stream (Ingram and others, 1966) . Organisms are collected, identified, and grouped according to their tolerance levels, or they may be used in developing a diversity index. The index presented in this report was proposed by Wilhm and Dorris (1968) and discussed in Slack and others (1973) .
The diversity index is a measure of community structure that makes intersite and intrasite comparisons possible. Repeated indices, at the species level, of less than 1 indicate heavy pollution stress; between 1 and 3, moderate stress; and greater than 3, a well-balanced benthic community (clean water type).
The benthic (bottom dwelling) communities were sampled on August 10 and 11, 1976 at sites 1, 3, 4, and 6. A Surber sampler was used and artificial substrate (multiplate-type) samplers were installed. The substrates were retrieved from all 4 sites on September 1 and 2, 1976. The two methods were employed to obtain the best possible results and to minimize the effects of inherent bias in each sampling technique. Further discussions of the relative merits of the various types of samplers are presented in Slack and other, 1973; Beak and others, 1973; and Slack and others, 1976. Results of both sampling methods are presented in table 10 and 11. Midges generally dominated the counts, and the diversity indices (Insecta) for all samples were less than 2.0. These data could indicate that moderate pollution from cultural sources may exist in the upper part of the watershed.
SUMMARY AND CONCLUSIONS
Rattlesnake Creek and tributies were sampled for water quality characteristics eight times over a 13-month period (August 1976-77) . Sites 1-4 and 6, in the upper basin, were characterized by muddy streambeds and sluggish flows. Lower basin sites (5, 7, and 8) had streambeds of coarse-grained sediments or bedrock.
Precipitation was 6 inches below normal, • and monthly mean discharges during 10 of the 13 months were well below normal during the study period. Discharges at site 5 (Rattlesnake Creek at Centerfield) ranged from 1.8 ft3/s in September 1976 to 1,200 ft3/s in February 1977.
Basin streams are of a calcium bicarbonate or calcium magnesium bic9rbonate type; specific conductance ranged from 405-1,300 ,'.mhos/cm. Concentrations of Na, most likely originating from sewage ;effluents, increased greatly between sites 1 and 2 during low flows and were high (110-140 mg/L) in the West Branch Rattlesnake Creek basin (sites 6 and 3).
Basinwide nutrient cJhcentrations of nitrogen and phosphorus were high. Total nitrogen as N ranged from 1.1 to 24 mg/L in the upper basin to 0.39 to 13 mg/L in the lower basin. Total phosphorus as P ranged between 0.05 and 7.8 mg/L at the upper basin sites to a comparatively low 0.01 to 0.24 mg/L at downstream sites 5, 7, and 8. High nutrient loads (particularly NO2+NO3) were transported from basinwide sources during high flow conditions. Significant increases in nitrogen (especially NH3 as N) and phosphorus were observed between sites 1 and 2 during low flows. Concentrations of ammonia (as much as 23 mg/L as N) were also high at site 3 (Wilson Creek). These high concentrations may be related to sewage plants upstream from sites 2 and 3.
Total iron concentrations varied throughout the watershed, ranging from 20 to 6,700 fag/L. Several pesticides were detected in streambed samples from sites 1, 3, and 4. Concentrations of chlordane (3-12 pg/kg) , dieldrin (0-3.2 gg/kg), DDD (0.4-1.5 pg/kg), and DDE (0.2-1.0 pg/kg) were highest at sites 3 and 4.
Additional chemical and biological data demonstrate that water quality during low-flow conditions was poorest in the upper watershed. Agricultural and (or) domestic wastes that entered the sluggish flows in this area tended to reduce dissolved oxygen and alter the general water quality. Sites 2 and 3, immediately downstream from domestic sewage facilities, showed the greatest effects.
Water quality steadily improved downstream. Increased flow velocity and aeration, dilution, and biological activities were the chief factors in the stream recovery. Mean dissolved-oxygen saturations, regardless of discharge, were at or near the 100 percent level at the lower basin sites 5, 7, and 8. Large quantities of nitrogen, originating from both point and nonpoint sources throughout the basin, were discharged into Paint Creek from the Rattlesnake Creek basin. COL PER 100 ML -(colonies per 100 mL) is the number of colonies per 100 mL of sample after incubation for a specific time period (24 or 48 hours) at a specific temperature (35°C or 44.5°C) on specific bacterial growth medium. Incubation time, temperature, and growth medium is dependent on bacterial type, i.e. either coliform or streptococcal bacteria. 
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